Background: Diabetes mellitus and cardiovascular diseases significantly contribute to medical morbidity and mortality worldwide, especially in developing countries like Nigeria. Insulin resistance, a characteristic finding of type 2 diabetics and their offspring, is associated with an abnormal lipid metabolism and cardiovascular disease. Aims: This study therefore aims to determine the pattern of lipid biomarkers of atherogenesis and their relationship with insulin resistance index in young people with a family history of diabetes mellitus. Methods: This is a cross-sectional study carried out among 150 apparently healthy young adults between 18 and 25 years of age, including 76 with a family history of diabetes mellitus in first-and/or second-degree relatives (YWFH) and 74 with no family history of diabetes mellitus (YWoFH). Anthropometric characteristics, insulin resistance index, plasma glucose, fasting lipid profile (plasma total cholesterol, triglycerides [TG], high-density lipoprotein cholesterol, lowdensity lipoprotein cholesterol), and serum levels of insulin, lipoprotein(a) [Lp(a)], apolipoprotein B (ApoB), apolipoprotein A-1 (ApoA-1), and ApoB/ApoA-1 ratios were compared in the 2 groups. Plasma glucose, total cholesterol, high-density cholesterol, and TG were measured using standard methods. The Friedewald equation was used to calculate low-density cholesterol. Serum insulin, Lp(a) levels, ApoB, and ApoA-1 were also measured using standard assays. The insulin resistance index was determined using homeostatic model assessment (HOMA). Statistical analysis was performed using SPSS version 20.0. Comparisons between variables were performed using the Mann-Whitney U test, and correlations between variables were performed using Spearman rank correlation coefficients. The level of significance was set at p < 0.05. Results: Offspring of diabetics (YWFH) had a significantly higher median BMI (p = 0.015), waist-tohip ratio (WHR; p = 0.002), insulin resistance index (p = 0.038), total cholesterol (p = 0.017), TG (p = 0.004), Lp(a) (p = 0.045), ApoB (p = 0.002), and ApoB/ApoA-1 ratio (p = 0.001) than the age-matched control group with no family history of diabetes mellitus (YWoFH). There was no correlation between the insulin resistance index and each of the lipid biomarkers of atherogenesis except Lp(a), with which it was negatively cor-
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Introduction
Diabetes mellitus significantly contributes to medical morbidity and mortality worldwide, especially in developing countries like Nigeria [1] . Non-communicable diseases, of which cardiovascular diseases are the most prevalent, cause the greatest morbidity and mortality worldwide. Resistance to insulin-stimulated glucose uptake is a characteristic finding in patients with type 2 diabetes mellitus and it has also been reported among offspring and relatives of diabetics. Insulin resistance is a predisposing factor for hypertension, dyslipidaemia, hypercoagulability, endothelial dysfunction, albuminuria, and premature cardiovascular disease.
Although the end points for cardiovascular risk are not usually seen in childhood, the components of the metabolic syndrome (obesity, hypertension, dyslipidaemia, and hyperinsulinaemia) track from childhood into adulthood, which supports the conclusion that the precursors of cardiovascular disease are present early in life. Therefore, it is necessary to establish a robust and precise risk indicator for lipid imbalance and atherogenesis in childhood and young adulthood, in order to prevent or delay the progression of diabetes mellitus and its complications, especially cardiovascular disease.
However, despite more aggressive interventions for lowering low-density lipoprotein cholesterol (LDL-C) levels, the majority of coronary artery disease events still occur, perhaps related to the fact that intervention was not started earlier in life or that LDL-C levels represent an incomplete picture of atherogenic potential [2] . Measurement of apolipoprotein B (ApoB) has been shown to outperform LDL-C and non-high-density lipoprotein cholesterol (HDL-C) as a predictor of coronary artery disease events and as an index of residual coronary artery disease risk [3, 4] . It is therefore recommended that ApoB and the ApoB/apolipoprotein A-1 (ApoA-1) ratio are determined after the measurement of LDL-C, non-HDL-C, and the ratio of total cholesterol/HDL-C to better predict coronary artery disease and assess the efficacy of treatment [5] . Also, the association between lipoprotein(a) [Lp(a)] and coronary heart disease is well established [6] , but the potential relationship of these lipid indices to the insulin resistance syndrome remains to be clarified among offspring of diabetics, with only little available published data.
We hypothesise that there is an association between the insulin resistance index (a measure of insulin sensitivity) and lipid markers of atherogenesis in the offspring of diabetics, and that the level of these lipid markers will be significantly higher compared with their age-matched controls (offspring with no diabetic history).
Materials and Methods
This is a cross-sectional study carried out among age-matched students of a higher institution in Ibadan over a period of 8 months. A convenient (non-random) sampling technique was used to select the study participants. A total of 150 apparently healthy participants with an age range from 18 to 25 years were recruited for this study; 76 subjects had a family history of diabetes mellitus among their first-and/or second-degree relatives (YWFH), and 74 were controls, without a family history of diabetes mellitus (YWoFH). Ethical approval was obtained from the University of Ibadan/University College Hospital Ibadan Health Research Ethics Committee (No. UI/EC/16/0301).
Inclusion Criteria (i) Apparently healthy individuals between the age of 18 and 25 years, with or without a family history of diabetes mellitus among their first-and/or second-degree relatives.
(ii) Voluntary consent to participate in the study.
Exclusion Criteria (i) Overweight individuals (BMI > 25.0) or with obesity, diabetes mellitus, or any known endocrinopathies because of abnormal glucose/insulin homeostasis and insulin resistance in them.
(ii) Smokers, because glucose concentration is higher in smokers than non-smokers and glucose tolerance is mildly impaired in smokers. There is also delayed insulin release in response to glucose in smokers.
(iii) Pregnant or lactating women and subjects with chronic illness or on chronic steroid/lipid-lowering medication were excluded because of their influence on the carbohydrate metabolism.
(iv) Individuals with hypertension, on antihypertensive medication, or with blood pressure ≥140/90 mm Hg.
(v) History of cardiovascular diseases (coronary artery disease, congestive heart failure, stroke or transient ischemic attack, and intermittent claudication).
(vi) Refusal of consent.
Data Collection
A data collection form (questionnaire) which contained items on the demographic characteristics, clinical measurements, medical and family history of diabetes mellitus, diet history, and results of the laboratory analysis of participants was used for study recruitment. Data collection was by personal interview and an in-formed written consent form was obtained from all participants after educating them on the benefits and relevance of the study.
The clinical measurements included weight (in kilograms to 1 decimal place) and height (in metres to 2 decimal places) were obtained with the participants wearing light clothing without shoes, by stadiometer and the stadiometer's head piece, respectively. BMI was calculated as weight/height 2 (kg/m 2 to 1 decimal place). Waist circumference was measured in centimetres to 1 decimal place at the midpoint between the lower margin of the least palpable rib and the top of the iliac crest (umbilicus) with the tape around the body in a horizontal position, with the measurer standing at the side of each participant. Hip circumference (in centimetres to 1 decimal place) was measured at the widest portion of the buttocks or greatest hip girth (greater trochanter). Body fat distribution was assessed indirectly by the waist-to-hip ratio (WHR to 2 decimal places). Blood pressure was measured twice, using a standard aneroid sphygmomanometer on the left arm after at least 10 min of rest with the average of the measurements recorded.
Specimen Collection and Storage
The procedure was carried out at the Metabolic Research Ward, University College Hospital Ibadan. An oral glucose tolerance test (OGTT) was performed in the morning between 7 a.m. and 9 a.m., after 3 days of usual daily diet and activity, and after 10-12 h of overnight fast by each participant. Twelve millilitres of blood were drawn from each participant in the fasting state from the antecubital vein, with 4 mL dispensed into an EDTA bottle for the fasting lipid profile, 4 mL into a gel clot/activator bottle for other lipid studies and fasting insulin measurement, and 4 mL into a fluoride oxalate bottle for fasting glucose measurement. Thereafter, 410 mL of a 75-g glucose solution was administered to each participant orally over a 5-min period. Eight millilitres of venous blood was obtained from each participant, for 2-h post-OGTT glucose and 2-h post-OGTT insulin measurement (4 mL each). Specimen bottles were transported immediately after blood collection in ice packs to the laboratory. Each specimen bottle was centrifuged at 3,000 g for 15 min within 30 min of blood collection. Full clot retraction of the blood sample in the gel clot/activator bottle was allowed before centrifuging. Both the serum and plasma were decanted into their respective labelled plain bottles and stored at -20 ° C for not more than 3 months before being analysed.
Assay Methods
Plasma glucose was measured using the glucose-oxidase method on an automated chemistry analyser LW C 100 plus. Enzymatic methods were also used to analyse plasma total cholesterol (cholesterol-oxidase), HDL-C (direct HDL PEGME), and triglycerides (TG; lipase/glycerol phosphate-oxidase) on an automated chemistry analyser (LW C 100 plus). The Friedewald equation was used to calculate LDL-C. Serum insulin and Lp(a) levels were manually measured using the ELISA method, while serum ApoB and ApoA-1 were measured using immunoturbidimetric assays on an automated chemistry analyser (LW C 100 plus). The insulin resistance index was calculated using the University of Oxford HOMA calculator software, version 2.2. HOMA-IR was calculated as: [fasting glucose (mmol/L) × fasting insulin (µIU/mL)] ÷ 22.5.
Statistical Analysis
The statistical analysis was performed using SPSS (Statistical Package for Social Sciences) version 20.0. The KolmogorovSmirnov test of normality revealed a non-Gaussian distribution (skewness: -3.054 to 4.256); hence, results are expressed as the median (interquartile range). Comparisons between median values of variables were performed using the Mann-Whitney U test for unpaired data. Correlations between the insulin resistance index and total cholesterol, HDL-C, TG, LDL-C, Lp(a), ApoB, ApoA-1, and ApoB/ApoA-1 were performed using Spearman rank correlation coefficients. The level of significance was taken to be p < 0.05.
Results

Demographic Characteristics of the Study Population
A total of 150 apparently healthy students, with ages ranging from 18 to 25 years, were recruited for this study over a period of 8 months. Of the students, 76 belonged to the YWFH group, while the other 74 represented the YWoFH controls. Values are presented as the median (IQR). * p < 0.05. WC, waist circumference; HC, hip circumference; WHR, waist-to-hip ratio; SBP, systolic blood pressure; DBP, diastolic blood pressure. Forty-four (59.5%) of the YWoFH group were females while 30 (40.5%) were males; of the YWFH group, 43 (56.6%) were females and 33 (43.4%) were males. The female-to-male ratios were similar in both groups (1. 
Anthropometric and Clinical Data of YWFH and YWoFH
The BMI and WHR of the YWFH group were significantly higher than those of the YWoFH group (p = 0.015 and 0.002, respectively). There was no significant difference in the median weight, height, waist circumference, hip circumference, systolic blood pressure, and diastolic blood pressure between the 2 groups (Table 1 ).
Fasting, 2-H Post-OGTT Glucose and Insulin Values of YWFH and YWoFH
There were no significant differences between the median fasting plasma glucose (p = 0.052), 2-h post-OGTT plasma glucose (p = 0.391), fasting serum insulin (p = 0.151), and 2-h post-OGTT serum insulin (p = 0.230) of the YWFH and YWoFH groups ( Table 2) .
Comparison of Insulin Resistance Index and Lipid Parameters between YWFH and YWoFH
The YWFH subjects had a significantly higher insulin resistance index than the YWoFH controls (p = 0.038). The median total cholesterol, TG, Lp(a), ApoB, and ApoB/ApoA-1 ratio of the YWFH group were significantly higher than those of the YWoFH group (p = 0.017, p = 0.004, p = 0.045, p = 0.002, and p = 0.001, respectively). There was no significant difference in the median HDL-C, LDL-C, and ApoA-1 between the 2 groups (Table 3) .
Correlation between Insulin Resistance Index, Clinical Data, and Lipid Parameters of YWFH
There was a significant positive correlation between the insulin resistance index and systolic blood pressure (r = 0.274, p = 0.017), which became insignificant after using R 2 and adjusted R 2 (R 2 = 0.031; adjusted R 2 = 0.018, p = 0.127). There was also a significant negative correlation between the insulin resistance index and Lp(a) of the YWFH group (r = -0.456, p = 0.00). There was no correlation between the insulin resistance index and other measured variables. This is represented in Table 4 . Figure  1 shows the correlation between the insulin resistance index and systolic blood pressure in the YWFH group, and Figure 2 shows the correlation between the insulin resistance index and Lp(a) in the YWFH group.
Discussion
Several reports [7] [8] [9] have shown that insulin resistance (with resultant hyperinsulinaemia) is associated with dyslipidaemia (elevated TG and low HDL-C), atherosclerosis, type 2 diabetes, and premature cardiovascular diseases. Other studies [10] [11] [12] have also shown that offspring and relatives of type 2 diabetics have hyperinsulinaemia, despite being glucose tolerant. To this end, offspring of diabetics are more prone to cardiovascular diseases than offspring of non-diabetics. The present study looked at the level of lipid markers of atherogenesis in age-matched YWFH and YWoFH subjects, and the relationship of these markers with the insulin resistance index in YWFH. It is important to stress that this study looked at an apparently healthy population yet to develop cardiovascular disease, diabetes, or metabolic syndrome. This fact explains why their biochemical results were within clinical decision limits, yet with clear and significant differences between the YWFH and YWoFH groups.
The study concluded that YWFH subjects have a significantly higher BMI than the age-matched YWoFH group. This is similar to the findings of Adeleye and Abbiyesuku [13] and Zafar et al. [14] . BMI is a measure of generalized obesity, and research has shown that there is an association between adiposity and insulin resistance in adults and children [15, 16] . Therefore, from the present study, YWFH have more generalized body fat than YWoFH and are possibly at higher risk of resistance to insulin-stimulated glucose uptake.
It was observed in this study that the WHR of the YWFH subjects was significantly higher than in the YWoFH group. This observation is in agreement with the findings of Adeleye and Abbiyesuku [13] and Zafar et al. [14] . Other studies [17, 18] have shown that an increased WHR (a measure of abdominal or central obesity) is associated with the incidence of cardiovascular events and that it is a better predictor of cardiovascular risk than BMI. Thus, this present study shows that YWFH are more centrally obese than YWoFH, and are therefore likely to be at higher risk of developing resistance to insulin action and of experiencing cardiovascular events than YWoFH later in life. In this study, YWFH had a significantly higher insulin resistance index (HOMA-IR) than YWoFH, which is in agreement with the findings of Chung et al. [19] and Shetty et al. [20] . This finding suggests that YWFH are at higher risk of biochemical and clinical disorders associated with insulin resistance.
The total cholesterol and TG of YWFH were significantly higher than those of YWoFH. Rahim et al. [21] and Moon et al. [22] reported similar findings, and concluded that lipid profiles of offspring were related to the diabetic parent's history. YWFH subjects had similar HDL-C values to the YWoFH controls, which is contrary to reports by Psyrogiannis et al. [23] and Rahim et al. [21] . However, in comparison to the present study, these studies investigated middle-aged populations, showing that decline in the HDL-C level is most likely an evolving phenomenon occurring over time in offspring of diabetics as they grow older. Hyperinsulinaemia is known to enhance hepatic very-low-density lipoprotein synthesis, which directly contributes to the increased plasma TG and LDL-C levels. Resistance to the action of insulin on lipoprotein lipase in peripheral tissues also contributes to elevated TG and LDL-C levels. Thus, compared to YWoFH, YWFH have higher levels of these atherogenic lipid particles, which may be as a result of the defective insulin action and higher serum insulin levels. Therefore, YWFH are at higher risk of cardiovascular disease even at this age.
The median values of Lp(a) in both groups were about 2-to 3-fold higher than the upper limit of reference interval for Lp(a), which is consistent with the report by Virani et al. [24] and Khera et al. [25] . They agreed that people of African descent have higher Lp(a) values compared to Caucasians, but do not manifest a higher incidence of coronary heart disease, because of the low prevalence of small ApoA isoforms in them. Lp(a) is an independent risk factor for coronary heart disease. The finding of significantly higher Lp(a) in YWFH is similar to the finding of Psyrogiannis et al. [23] , indicating that YWFH are at higher risk of cardiovascular disease compared to YWoFH.
YWFH had a significantly higher ApoB concentration than YWoFH, which is in concordance with the study by Hashemi et al. [26] . ApoB is a better predictor of cardiovascular risk than LDL-C and other non-HDL-C measures. Its higher level in YWFH compared to YWoFH in this study suggests that YWFH are at higher risk of cardiovascular disease.
The ApoB/ApoA-1 ratio combines these risk factors and examines them holistically with regard to cardiovascular risk. YWFH had a significantly higher ApoB/ApoA-1 ratio than YWoFH. This observation is related to that of Savas Erdeve et al. [27] , who reported that the ApoB/ ApoA-1 ratio was significantly higher in obese children with metabolic syndrome when compared to obese children without metabolic syndrome. An accumulating body of data indicates that the ApoB/ApoA-1 ratio is a powerful marker of risk for future cardiovascular disease [4, 28] . The higher the value of the ApoB/ApoA-1 ratio, the more cholesterol is circulating in the plasma, and this cholesterol is likely to be deposited in the arterial wall, provoking atherogenesis and the risk of cardiovascular events. The lower the ApoB/ApoA-1 ratio, the lower is the plasma cholesterol reaching the periphery and the greater is the reverse cholesterol transport and other beneficial functions, and the lower is the risk of cardiovascular events. Thus, YWFH are at higher risk of cardiovascular events compared to YWoFH.
There was a modest significant positive correlation between the insulin resistance index and systolic blood pressure, but after using R 2 and adjusted R 2 the relationship was no longer significant. According to a report by Zhou et al. [29] , an elevated serum insulin level is associated with increased sympathetic nerve activity, increased renal sodium retention, the induction of proliferation of vascular smooth muscle cells and collagen synthesis leading to elevated blood pressure, which is a risk factor of cardiovascular disease. The lack of correlation between systolic blood pressure and the insulin resistance index in this study is likely due to the fact that the YWFH subjects were of normal weight and their insulin resistance index was still within the clinical decision limits.
The relationship of Lp(a) concentrations with insulin resistance remains controversial and unproven. Some studies reported no association between insulin levels and Lp(a) concentration [30, 31] , while others reported a negative relationship with Lp(a) concentrations [32, 33] . Studies have shown that the controversies in the correlation of Lp(a) against parameters of glycaemia and lipid metabolism is not surprising given that the systemic Lp(a) concentrations are highly genetically determined with little influence from dietary, environmental, and physiological factors [34] [35] [36] .
This study also showed no correlation between the insulin resistance index and other lipid atherogenic markers such as total cholesterol, HDL-C, TG, LDL-C, ApoB, ApoA-1, and the ApoB/ApoA-1 ratio in YWFH. This contradicts reports from studies by Sierra-Johnson et al. [37] and Makaridze et al. [38] , where insulin resistance was significantly associated with the ApoB/ApoA-1 ratio and other lipid indices. Makaridze et al. [38] studied nondiabetic populations of Caucasian origin with a mean age of 45 years and reported that insulin resistance was positively correlated with age, ApoB, ApoB/ApoA-1 ratio, LDL-C, fasting insulin, and total cholesterol, and negatively correlated with HDL-C and ApoA-1 in both sexes (all p < 0.001). Sierra-Johnson et al. [37] studied non-diabetic populations in the USA with a mean age of 47 years and concluded that the ApoB/ApoA-1 ratio is significantly associated with insulin resistance in non-diabetic subjects, independently of the traditional risk factors, metabolic syndrome components, and inflammatory risk factors. This suggests that insulin resistance rises with age and its association with these lipid atherogenic markers become significant as the individual grows older. In this study, the study population was young and apparently healthy, made up of non-diabetics with no cardiovascular disease. This may explain the lack of correlation between the insulin resistance index and lipid markers in them.
Conclusion
This study has demonstrated that a positive family history of type 2 diabetes mellitus is associated with a higher insulin resistance index and elevated atherogenic lipid biomarkers; thus, there is overall increased risk of cardiovascular disease even in normoglycaemic youths with a family history of diabetes. The lack of association between insulin resistance index and lipid biomarkers indicates that the insulin resistance index might not be a reliable indicator for lipid biomarkers in a non-diabetic of a younger age group, as defective insulin action and the associated lipid abnormalities evolve over time.
